Abstract. Musashi-1, an evolutionally conserved RNA-binding protein, has been implicated in the promotion of pathological stem cell proliferation, including tumorigenesis. The objective of the present study was to evaluate the expression of Musashi-1 protein and its implications in the progression and prognosis of gastric cancer. The expression level of Musashi-1 protein in gastric cancer was determined by western blotting and immunohistochemistry, and compared with the clinicopathological parameters. The present study revealed that the expression level of Musashi-1 protein in gastric cancer was significantly upregulated and correlated with the tumor size, tumor-node-metastasis (TNM) stage, Lauren classification, depth of invasion, vessel invasion, lymph node metastasis and distant metastasis. The mean survival time for patients with low expression levels of Musashi-1 was significantly longer compared with patients with high expression levels of Musashi-1. For each TNM stage, the mean survival time for patients with a low Musashi-1 expression levels was also significantly longer compared with patients with a high Musashi-1 expression level. Notably, TNM stage II patients with a low Musashi-1 expression level demonstrated a longer mean survival time compared with TNM stage I patients with high Musashi-1 expression level (56.8 vs. 42.3 months; P=0.001), and TNM stage III patients with low Musashi-1 expression level exhibited a longer mean survival time compared with TNM stage II patients with a high Musashi-1 expression level (44.0 vs. 33.8 months; P=0.034). Multivariate Cox's regression test demonstrated that Musashi-1 protein expression level was an independent prognostic indicator for the survival rate of the patients with gastric cancer. The results of the present study highlighted an important role for Musashi-1 protein in the progression of gastric cancer. The detection of the Musashi-1 protein expression level alone or in combination with TNM staging may aid the prediction of the prognosis of patients with gastric cancer.
Introduction
Gastric cancer is the fifth most common malignancy and the third leading cause of cancer-associated mortality (1) , and still poses a considerable global health burden, despite a substantial decrease in the incidence of cancer for the majority of the world (2) . In China, gastric cancer is the third most frequently occurring type of cancer and cause of cancer-associated mortality (3) . Approximately 405,000 novel cases are diagnosed every year in China, accounting for 42.5% of the worldwide total (4) . Gastric cancer is often asymptomatic or induces only nonspecific symptoms in its early stages (5) . Consequently, it is often diagnosed at the advanced stages and is associated with a poor prognosis (5) . According to a statistical study, ~70% of patients with gastric cancer have lymph node metastasis at the time of diagnosis, leading to a median overall survival time of 16.7 months (6) . Complete resection of the primary tumor with D2 lymphadenectomy is the only method of curing the disease in the early stages (6) . Early detection as well as the availability and reliability of appropriate biomarkers may contribute towards the effective treatment of gastric cancer (7) .
At present, the molecular mechanisms underlying gastric cancer have not been well elucidated, owing to the currently limited knowledge of germline susceptibility traits for risk and somatic drivers of progression (8) . The presence of cancer stem cells has been demonstrated to be associated with the initiation, metastasis, chemoresistance and rapid recurrence of various types of tumor (9) . Musashi-1, a highly conserved RNA-binding protein, has been characterized as a putative stem or progenitor cell marker (10) . It serves important roles in cell fate decision, including the maintenance of the stem cell state, differentiation and tumorigenesis (10) . Musashi-1-mediated translational control has been implicated to promote pathological and physiological stem cell proliferation (11) . Loss of Musashi-1 function disrupts the balance between germ-line stem cell differentiation and renewal, leading to premature germ-line stem cell differentiation (12) . The Musashi-1 signaling pathway has previously been reported to be upregulated in numerous types of tumor, including glioma (13) , esophageal adenocarcinoma (14) , colorectal cancer (15, 16) , gallbladder adenocarcinoma (17) , endometrial carcinoma (18) and small intestinal adenocarcinoma (19) . Furthermore, Musashi-1 has been identified as a biomarker associated with cancer progression and poor prognosis in patients with breast cancer (20) , ovarian adenocarcinoma (21) and oral squamous cell carcinoma (22) .
Musashi-1 is a candidate stem cell marker in the human stomach and mouse intestine, and a marker for progenitor cells in the human stomach (23) . Musashi-1-positive cells may serve a key role in the early events occurring during carcinogenesis, and may be involved in the progression of gastric cancer (24) . It was previously revealed that the expression levels of Musashi-1 were significantly elevated in gastric cancer and precancerous lesions, including intestinal metaplasia and dysplasia (24, 25) . By contrast, an immunohistochemistry study demonstrated that Musashi-1 expression in the gastric glands with intestinal metaplasia was lower compared with that in glands without intestinal metaplasia (26) . Currently, the expression pattern of Musashi-1 protein and its impact on the progression and prognosis of gastric cancer has not yet been elucidated.
With an aim to evaluate the clinicopathological implications of Musashi-1 in the progression and prognosis of gastric cancer, the present study detected the expression of Musashi-1 protein in gastric cancer tissues by western blotting and immunohistochemistry, and compared Musashi-1 expression levels with the clinicopathological parameters and survival rates of 436 patients with gastric cancer. The present study revealed that Musashi-1 protein was significantly upregulated in gastric cancer tissues and was associated with the progression and poor prognosis of gastric cancer.
Materials and methods
Patients and tissue specimens. The present study was approved by the Institutional Review Board of Zhejiang Provincial People's Hospital (Hangzhou, China). Written informed consent was obtained from all patients prior to enrollment in the present study. All specimens were anonymously handled in accordance with the Declaration of Helsinki and legal standards.
For ., Shanghai, China) containing protease inhibitors (1 ml/250 mg specimen, 1 ml extraction reagent suppleented with 10 µl protease inhibitor mixture, 10 µl PMSF and 10 µl phosphatase mixture). The protein concentration was determined using the KC™ bicinchoninic acid assay protein quantification kit (KC-430; KangChen Bio-tech Inc.). A total of 50 µg total protein was separated on 10% polyacrylamide (acrylamide: bisacrylamide, 30:0.8%, w/v) SDS gel. The protein was then transferred onto a polyvinylidine fluoride membrane. The membrane was blocked at room temperature for 1 h with 5% bovine serum albumin (Amresco, LLC, Solon, OH, USA), followed by incubation at 4˚C overnight with primary antibody (rabbit monoclonal antibody to human Musashi-1; cat. no. 1877-1; dilution, 1:2,000; Epitomics, Burlingame, CA, USA). Following washing in TBST (Tween-20 0.05%, v/v; TBS 10 mM, pH=7.5) for 5 min three times, the membrane was incubated with secondary antibody (horseradish peroxidase-conjugated anti-rabbit immunoglobulin; catalog no. ab205718; dilution, 1:5,000; Epitomics) at room temperature for 1 h. Following three additional rinses with TBST, immunocomplexes were revealed using the KC™ chemiluminescence kit (KC-420, KangChen Bio-tech Inc.). Protein bands were scanned (Tanon 5,200 Multi; Tanon Science and Technology Co., Ltd., Shanghai, China) and quantified using ImageJ software (version 2.0; National Institutes of Health, Bethesda, MD, USA). Analysis of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression levels was carried out as the control for western blotting using mouse monoclonal anti-GAPDH antibody (catalog no. KC-5G4; dilution, 1:10,000; KangChen Bio-tech Inc.).
Tissue microarray (TMA) construction. For diagnostic confirmation and establishing the representative area, 4 µm sections were cut from each FFPE tissue specimen and stained with hematoxylin and eosin (H&E) prior to TMA construction. Subsequently, TMA blocks containing gastric cancer tissues and non-cancerous gastric mucosae were prepared using the method, as described previously (30) . Briefly, tissue cylinders 2 mm in diameter were punched from the targeted area of each donor block and precisely arrayed into a recipient block using a TMA instrument (no. HM315R; GMI, Inc., Ramsey, MN, USA). Each TMA block contained six non-cancerous gastric mucosae as the controls. Consecutive 4 µm thick sections were cut from each of the resulting TMA blocks, and one section from each block was H&E stained for histological verification of the adequacy of the arrayed tumor tissues. Eligible sections were those in which the tumor tissue occupied >10% of the core area. Sections were then placed on microscope slides for further analysis.
Immunohistochemistry. Immunohistochemical staining was performed on the TMA slides, as described previously (30) . Briefly, the TMA slides were heated to 60˚C for 2 h, de-waxed with xylene and rehydrated in graded ethanol sequentially (100, 95 and 80%, v/v). Following antigen retrieval [0.01 M citrate buffer (Beijing Solarbio Science and Technology Co., Ltd., Beijing, China; pH, 6.0), 5 min, pressure cooker] and endogenous peroxidase blockade [3% (w/v) H 2 O 2 in pure methanol], the slides were incubated with 10% normal goat serum (Beijing Solarbio Science & Technology Co., Ltd.,) at room temperature for 10 min to reduce nonspecific reactions. Incubation with the primary antibody (rabbit monoclonal antibody to human Musashi-1; cat. no. 1877-1; dilution, 1:100; Epitomics) was performed in a moist chamber at 4˚C overnight. Following washing three times with 0.01 M phosphate buffer (Beijing Solarbio Science & Technology Co., Ltd.; pH, 7.2), the slides were incubated with secondary antibody (horseradish peroxidase-conjugated mouse monoclonal anti-rabbit immunoglobulin; cat. no. M0737; dilution, 1:1; Dako; Agilent Technologies Inc., Santa Clara, CA, USA) for 20 min at room temperature and stained with diaminobenzidine-H 2 O 2 . Finally, the TMA slides were counterstained with hematoxylin (0.5%, w/v), dehydrated and mounted on a coverslip using neutral balsam (Shanghai Specimen and Model Factory, Shanghai, China) and subsequently viewed under an optical microscope. Omission of primary antibody served as the negative control.
Evaluation of immunoreactivity. The Musashi-1 protein was immunohistochemically stained and independently examined under a light microscope by two pathologists who were blinded to the clinical data. The immunoreactivity was evaluated by applying a scoring system combining the intensity of immunostaining with the proportion of immunoreactive cells (30) . In brief, the intensity of immunostaining was scored as 0 (no staining), 1 (weak staining, light yellow), 2 (moderate staining, yellow brown) and 3 (intense staining, brown), and the proportion of immunoreactive cells was scored as 0 (≤5% positive cells), 1 (6-25% positive cells), 2 (26-50% positive cells) and 3 (≥51% positive cells). In the case of a discrepancy, a consensus score was selected. The product of the scores for intensity and proportion was used to signify the level of protein expression. The expression level of Musashi-1 was considered low if the product was ≤3 and high if the product was ≥4.
Statistical analysis. Quantitative data are presented as the mean ± standard deviation. Data were analyzed using the Student's t-test, whereas categorical data were assessed using the χ 2 test or Fisher's exact test. The correlation coefficients between protein expression and clinicopathological parameters were estimated using the Spearman correlation method. The Kaplan-Meier method was used to plot the survival curve and extract the cumulative survival rate and mean survival time. The difference between groups was compared with the log-rank test. Multivariate survival analysis was carried out using the Cox proportional hazards model, and variables that were significant in the univariate analysis were included in the model with the Enter method. All statistical analyses were performed using SPSS 16.0 for Windows (SPSS, Inc., Chicago, IL, USA). All P-values were two-sided, and P<0.05 was considered to indicate a statistically significant difference.
Results
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and non-cancerous gastric mucosae. The expression levels of Musashi-1 protein in 36 frozen gastric cancer tissues and the corresponding adjacent non-cancerous gastric mucosae were determined by western blotting. The relative expression levels of Musashi-1 protein in gastric cancer tissues were significantly higher compared with those in non-cancerous gastric mucosae (0.317±0.045 vs. 0.203±0.030; P<0.05), there were no significant differences identified in Musashi-1 protein expression between intestinal-type and diffuse-type gastric cancer (0.322±0.075 vs. 0.312±0.051, P>0.05), as presented in Fig. 1 .
The expression of Musashi-1 protein in archived specimens of 436 gastric cancer tissues and 92 non-cancerous gastric mucosae was assessed by immunohistochemistry. Musashi-1 protein was predominantly expressed in the cytoplasm and on the membrane of epithelial cells (Fig. 2) . Musashi-1 protein expression was detected in 215/436 (49.3%) patients with gastric cancer, including high expression levels in 154 (35.3%) cases, and low expression levels in 61 (14.0%) patients, whereas Musashi-1 protein was weakly (12/92 cases) or not expressed in non-cancerous gastric mucosae tissues. The percentage of tissues with high Musashi-1 protein expression level was significantly higher (P<0.0001) in gastric cancer tissues compared with adjacent non-cancerous gastric mucosae tissues.
Correlation of Musashi-1 protein expression with clinicopathological parameters. The correlation was evaluated between Musashi-1 protein expression and clinicopathological parameters of patients with gastric cancer. The expression level of Musashi-1 protein in gastric cancer was associated with age, location, size, TNM stage, depth of invasion, vessel invasion, Lauren classification, lymph node metastasis and distant metastasis of the tumor, whereas it was not associated with gender, differentiation and the histological type of the tumor. Gastric cancer tissues from patients with with deep tumor invasion (T3 and T4), high TNM stage (stage III and IV), vessel invasion, lymph node metastasis and distant metastasis had significantly higher expression levels of Musashi-1 compared with those with superficial tumor invasion (T1 and T2), low TNM stage (stage I and II) and without vessel invasion or lymph node and distant metastasis ( Table I ). The 
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Total no. Table III and Fig. 3 . Clinicopathological factors that were associated with the survival of patients with gastric cancer in the univariate survival analysis were included as covariates in the Cox regression analysis. It was revealed that Musashi-1 protein expression level, Lauren classification, distant metastasis, TNM stage and depth of invasion were independent prognostic indicators for the survival of patients with gastric cancer, whereas age, tumor location, size, lymph node metastasis and vessel invasion were not (Table IV) .
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Discussion
Musashi-1 expression has been identified to be restricted to the isthmus neck region (the putative position of stem cells) of normal gastric glands (26) . Upregulation of Musashi-1 has previously been revealed to occur in rat gastric corpus mucosa, following ethanol-induced mucosal injury (31), leading to the suggestion that a subpopulation of parietal cells are a source of Musashi-1, which contributes to rapid re-epithelization by restoration of stem cells and regulation of cell differentiation (31) . The Musashi-1 expression level has also been demonstrated to be associated with Helicobacter pylori infection (32) . Increased expression levels of Musashi-1 in gastric precancerous lesions, including intestinal metaplasia and dysplasia, suggested that Musashi-1 may serve a crucial role in the carcinogenesis of gastric cancer (25) .
In the present study, the results from western blotting and immunohistochemistry revealed that the expression levels of Musashi-1 protein in gastric cancer tissues were significantly higher compared with those in adjacent non-cancerous gastric mucosae. In discordance with a study by Choi et al (33) , which demonstrated that Musashi-1 protein was more frequently overexpressed in young patients (≤30 years) compared with in patients >60 years, the immunohistochemical assay of the present study demonstrated that Musashi-1 protein expression levels were significantly upregulated in patients aged >60 years compared with those aged ≤60 years. There was a difference in age categorization between the current study and this previous study, and the cohort of the present study recruited only one patient aged ≤30 years (17 years), making further analysis and comparison unattainable. The present study also indicated that the expression level of Musashi-1 in gastric cancer tissues was significantly associated with location, size, depth of invasion, vessel invasion, TNM stage, Lauren classification and lymph node and distant metastasis of the tumors. High Musashi-1 expression level was more frequently observed in tumors at high TNM stages (stages III and IV), with deep invasion (T3 and T4), presence of vessel invasion, lymph node metastasis and distant metastasis, compared with tumors at low TNM stages (stages I and II), with superficial invasion (T1 and T2), absence of vessel invasion, lymph node metastasis and distant metastasis. The results indicate that Musashi-1 may be involved in the invasion and metastasis of gastric cancer. Finally, it is of note that the immunohistochemistry assay demonstrated an association between high Musashi-1 protein expression levels and diffuse-type tumors, which was similar to the results of a previous study by Choi et al (33) ; however, the western blot analysis of the present study did not identify a difference in Musashi-1 expression level between diffuse-type and intestinal-type gastric cancer.
As a well-established stem/progenitor cell marker in both normal and cancer cells, Musashi-1 protein has been documented to be overexpressed in numerous types of cancer (34) . The molecular mechanisms underlying the functions and regulation of Musashi-1 are not currently well known. Musashi-1 serves roles in the maintenance of the stem-cell (45) . By contrast, within the context of a primary mammalian neural stem/progenitor cell, Musashi-1 may be converted from a repressor to an activator of mRNA translation in response to extracellular stimuli (11) . Musashi-1 protein was also identified to serve an oncogenic role in hepatocellular carcinoma by activating the Wnt signaling pathway via direct downregulation of the tumor suppressor protein, Dickkopf-1 (46) . In addition, tumor suppressor microRNAs (miRNAs) are known to target genes with oncogenic properties, including Musashi-1, and for being downregulated or deleted in tumor tissue (34) . The long 3' untranslated region of Musashi-1 is potentially targeted by tumor suppressor miRNAs, thereby affecting its expression pattern during tumorigenesis of malignancies (34) . miR-34a, -101, -128, -137 and -138 were revealed to function as tumor-suppressive miRNAs and negatively regulated Musashi-1 (47) . Finally, Musashi-1 is also regulated by human antigen R via mRNA translation and stability in glioblastoma cells, which resulted in a positive regulation of Musashi-1 expression level (48) . As a result of its involvement in the invasion and metastasis of tumors, Musashi-1 had been proposed to be a biomarker associated with poor prognosis for a number of cancer subtypes (20) (21) (22) . The present study demonstrated that the cumulative survival rates and mean survival time for patients with low Musashi-1 expression levels were significantly higher compared with those for patients with high Musashi-1 expression levels. Furthermore, it was revealed that a high expression level of Musashi-1 was an independent prognostic factor for patients with gastric cancer. Other factors correlated with the survival rate of patients included age, tumor location, size, depth of invasion, TNM stage, Lauren classification, vessel invasion, lymph node metastasis and distant metastasis. In addition, Lauren classification, distant metastasis, TNM stage and depth of invasion are independent prognostic indicators for the survival rate of patients with gastric cancer. As stratified by TNM stage, the mean survival time for patients with low Musashi-1 expression levels were significantly longer compared with that for patients with high Musashi-1 expression level in each TNM stage. Of note, patients with TNM stage II gastric cancer and low expression levels of Musashi-1 demonstrated a longer mean survival time compared with patients with TNM stage I and high Musashi-1 expression levels, and patients with TNM stage III gastric cancer and low expression levels of Musashi-1 revealed a longer mean survival time compared with patients with TNM stage II and high Musashi-1 expression levels. The results of the present study from univariate and multivariate survival analysis highlighted the prognostic relevance of Musashi-1 protein in patients with gastric cancer. Therefore, it was suggested that the expression level of Musashi-1 protein may be used on the basis of TNM stage to redefine the prognosis of patients with gastric cancer, contributing to developing a chemotherapeutic strategy for the effective treatment of gastric cancer.
In addition to being a putative prognostic factor for numerous malignancies, Musashi-1 has also received considerable attention as a potential target for cancer therapy (16, 49) . Musashi-1-overexpressing cells exhibit tumorigenic properties in tumor graft experiments (50) , whereas knockdown of Musashi-1 resulted in mitotic catastrophe, reduced cell proliferation and survival rate (45, 49) , increased apoptosis in tumor cells and tumor growth arrest in grafts (51) . A natural product (-)-gossypol was identified to inhibit colon cancer cell growth by targeting Musashi-1 protein (52) . Further investigation revealed that Musashi-1 silencing significantly inhibited proliferative ability and attenuated the migration and invasion activity of colon cancer cells (16) . The aforementioned observations suggested that the inhibition of Musashi-1's RNA binding activity may be an effective anticancer strategy and that Musashi-1 represents a promising target for anticancer agent discovery.
The limitation of the present study is the small size of tissue samples used in western blotting, which may partially account for the discordance in results regarding the association between Musashi-1 protein expression level and Lauren classification from immunohistochemistry and western blotting. Further studies are required to dissect the association between Musashi-1 protein expression level and Lauren classification for gastric cancer.
In conclusion, Musashi-1 protein serves an important role in the progression of gastric cancer. The detection of Musashi-1 protein expression level alone or in combination with TNM staging is useful for predicting the prognosis of patients with gastric cancer, therefore contributing to a personalized chemotherapy regimen. It is also possible that Musashi-1 may be used as a molecular target for gastric cancer treatment.
